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(57) ABSTRACT 

There are provided a plasma display device in Which dark 
contrast can be enhanced Without deteriorating an image 
quality and a method of driving a plasma display panel. In a 
case of driving a plasma display device in Which a magnesium 
oxide layer containing a magnesium oxide crystal to be 
excited by the irradiation of an electron beam and performing 
a cathode luminescence having a peak in a Wavelength range 
of 200 to 300 nm by a sub-?eld method, in order to initialize 
all display cells, reset discharge is caused in each of the 
display cells in M sub-?elds of N consecutive sub-?elds 
(0<M<N). 

20 Claims, 11 Drawing Sheets 
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FIG. 3 
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FIG. 5A 
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PLASMA DISPLAY DEVICE AND METHOD 
FOR DRIVING A PLASMA DISPLAY PANEL 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a plasma display device 

having a plasma display panel and a method for driving the 
plasma display panel. 

2. Description of the Related Art 
Recently, a display device having a large screen and a 

reduced thickness has been demanded and various thin dis 
play devices have been put to practical use. AnAC discharge 
type plasma display panel (hereinafter, refer to as a PDP) has 
been noticed as one of such thin display devices. The PDP has 
a front transparent substrate serving as a display screen and a 
rear substrate. A plurality of roW electrodes are formed on the 
front transparent substrate and a plurality of column elec 
trodes are formed on the rear substrate so as to cross the 

plurality of roW electrodes. BetWeen the front transparent 
substrate and the rear substrate, a discharge space Which is 
?lled With a discharge gas is formed. Pixel cells serving as 
pixels are formed at respective intersections of the roW elec 
trodes and the column electrodes including the discharge 
space. 

In order to perform a display With grayscale level lumi 
nance in such a PDP, grayscale driving is performed based on 
a sub-?eld method. For example, a method of grayscale 
driving a PDP in Which each of frames of an input video signal 
is divided to eight sub-?elds, and a full-scale Write period, a 
full-scale erasure period, an address period, and a sustain 
discharge period are provided for each sub-?eld has been 
suggested (for example, see FIG. 5 in Japanese Patent No. 
2756053). At this time, in the full-scale Write period, a pre 
determined amount of Wall charges is formed in all pixel cells 
by forcibly causing Write discharge in all pixel cells. Further, 
through the Write discharge, priming particles by the amount 
required for causing discharge in the address period described 
later are formed in all pixel cells. Speci?cally, the Write dis 
charge caused in the full-scale Write period is referred to as 
initialiZation discharge through Which the priming particles 
for surely causing discharge in each address period are 
formed and the amount of the Wall charges over all pixel cells 
are uniform. Next, in the full-scale erasure period, the Wall 
charges formed in all pixel cells are erased by causing erasure 
discharge With respect to all pixel cells. In the address period, 
the Write discharge is selectively caused With respect to each 
of the pixel cells according to display data and the Wall 
charges are formed in only pixel cells to be turned on. Then, 
in the sustain discharge period, sustain discharge is repeat 
edly performed With respect to only pixel cells in Which the 
Wall charges are formed, by the number of times assigned to 
each of the sub-?elds. By driving in such a manner, a display 
is performed With a grayscale level luminance corresponding 
to times the sustain discharge is caused in each of the eight 
sub-?elds. 

HoWever, since the light emission due to the initialiZation 
discharge (Write discharge) caused in the full-scale Write 
period has no relation With an actual display image, contrast 
at the time of displaying a relatively dark image, that is, dark 
contrast is deteriorated. Accordingly, a driving method in 
Which the full-scale Write period is provided in only a head 
sub-?eld of each of the eight sub-?elds and the initialiZation 
discharge is caused in the full-scale Write period of the head 
sub-?eld so as to suppress dark contrast from deteriorating 
has been suggested (for example, see FIG. 2 in Japanese 
Patent No. 2756053). 
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2 
HoWever, When the number of times of the initialization 

discharge in a display period of one ?eld (frame) is simply 
reduced, the priming particles in each pixel cell become 
insuf?cient. Therefore, there is a problem in that the selective 
discharge may be not surely caused in the address period and 
an image quality may be deteriorated. 

SUMMARY OF THE INVENTION 

The invention has been made to solve the problems, and it 
is an object of the invention to provide a plasma display 
device Which can enhance dark contrast Without deteriorating 
image quality and a method of driving a plasma display panel. 

According to an aspect of the invention, a plasma display 
device in Which a plasma display panel provided With display 
cells having a discharge space at intersections of a plurality of 
roW electrode pairs and a plurality of column electrodes 
arranged to cross the plurality of roW electrode pairs is driven 
for respective N sub-?elds to display images for one frame. 
The plasma display device includes a magnesium oxide layer 
that is formed in each of the display cells and contains a 
magnesium oxide crystal to be excited by the irradiation of an 
electron beam to perform a cathode luminescence having a 
peak in a Wavelength range of 200 to 300 nm, an address 
portion that sequentially applies a scanning pulse to one elec 
trodes of the respective roW electrode pairs in each sub-?eld 
and applies a data pulse corresponding to an input video 
signal to cause selective discharge in the discharge space of 
each of the display cells and to set the respective display cells 
to a turned-on cell state or a turned-off cell state, a sustain 
portion that applies a sustain pulse to the respective roW 
electrode pairs in each sub-?eld to cause sustain discharge in 
the discharge space of each of the display cells set to the 
turned-on cell state; and a reset portion that applies a reset 
pulse to the respective roW electrode pairs in M sub-?elds of 
the N sub-?elds (0<M<N) to cause reset discharge in the 
discharge space of each of the display cells and to initialiZe all 
the display cells. 

According to another aspect of the invention, a method of 
driving a plasma display panel Which is provided With display 
cells having a magnesium oxide layer, Which contains a mag 
nesium oxide crystal to be excited by the irradiation of an 
electron beam to perform a cathode luminescence having a 
peak in a Wavelength range of 200 to 300 nm, and a discharge 
space facing the magnesium oxide layer, formed at intersec 
tions betWeen a plurality of roW electrode pairs and a plurality 
of column electrodes arranged to cross the plurality of roW 
electrode pairs, for respective N sub-?elds to display images 
for one frame. The method of driving a plasma display panel 
includes an address step of causing selective discharge in the 
discharge space of each of the display cells based on an input 
video signal in the respective sub-?elds to set each of the 
display cells to a turned-on cell state or a turned-off cell state, 
a sustain step of causing sustain discharge in the discharge 
space of each of the display cells set to the turned-on cell state 
in the respective sub-?elds, and a reset step of causing reset 
discharge in the discharge space of each of the display cells in 
M sub-?elds of the N sub-?elds (0<M<N) to initialiZe all the 
display cells. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram shoWing a schematic con?guration of a 
plasma display device according to the invention; 

FIG. 2 is a front vieW schematically shoWing an internal 
structure of a PDP 50 as vieWed from a display surface; 
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FIG. 3 is a diagram showing a section taken along the line 
V3-V3 in FIG. 2; 

FIG. 4 is a diagram shoWing a section taken along the line 
W2-W2 in FIG. 2; 

FIG. 5A is a diagram shoWing an example of a magnesium 
oxide single crystal; 

FIG. 5B is a diagram shoWing another example of a mag 
nesium oxide single crystal; 

FIG. 6 is a diagram schematically shoWing a case in Which 
the vapor-phase magnesium oxide single crystal 13B is 
attached to the surface of a dielectric layer 12 through a spray 
method or an electrostatic coating method; 

FIG. 7 is a diagram shoWing an example of a light emission 
driving sequence used in the plasma display device shoWn in 
FIG. 1; 

FIG. 8 is a diagram shoWing various pulses to be applied to 
the PDP 50 according to the light emission driving sequence 
shoWn in FIG. 7 and the application timings thereof; 

FIG. 9 is a graph shoWing a correspondence relationship 
betWeen the Wavelength of a CL Which is excited at the time 
of the irradiation of an electron beam onto the magnesium 
oxide single crystal and the intensity thereof; 

FIG. 10 is a graph shoWing a relationship betWeen a par 
ticle diameter of the magnesium oxide single crystal and the 
intensity of the CL at 235 nm; 

FIG. 11 is a diagram shoWing a discharge probability When 
a magnesium oxide layer is not provided in a display cell PC, 
a discharge probability When the magnesium oxide layer is 
formed by a conventional deposition method, or a discharge 
probability When the magnesium oxide layer containing the 
magnesium oxide single crystal Which excites the CL having 
a peak in a Wavelength range of 200 to 300 nm at the time of 
the irradiation of an electron beam is provided; 

FIG. 12 is a diagram shoWing a correspondence relation 
ship betWeen the discharge delay time and the intensity of the 
CL having the peak at the Wavelength of 235 nm; 

FIG. 13 is a diagram shoWing another example of a section 
taken along the line V3 -V3 in FIG. 2; 

FIG. 14 is a diagram shoWing another example of a section 
taken along the line W2-W2 in FIG. 2; and 

FIG. 15 is a diagram shoWing an example of a light emis 
sion driving sequence Which is used together With the light 
emission driving sequence shoWn in FIG. 7. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Hereinafter, an embodiment of the invention Will be 
described With reference to the draWings. 

FIG. 1 is a diagram shoWing a schematic con?guration of a 
plasma display device according to the invention. 
As shoWn in FIG. 1, such a plasma display device includes 

a PDP 50 as a plasma display panel, an X electrode driver 51, 
a Y electrode driver 53, an address driver 55, and a drive 
control circuit 56. 

In the PDP 50, column electrodes D1 to Dm arranged to 
extend in a longitudinal direction (vertical direction) of a 
tWo-dimensional display screen and roW electrodes X 1 to X” 
and roW electrodes Yl to Y” arranged to extend in a traverse 
direction (horizontal direction) of the tWo-dimensional dis 
play screen are formed. At this time, the roW electrode pairs 
(Y1, X1), (Y2, X2), (Y3, X3), . . . , (Yn,Xn),Wh1Ch are formed 
in such a manner that the adjacent roW electrodes are in pairs, 
serve as a ?rst display line to an n-th display line in the PDP 
50, respectively. At respective intersections betWeen the dis 
play lines and the column electrodes D1 to Dm (in regions 
surrounded by one-dot-chain lines in FIG. 1), display cells PC 
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4 
serving as pixels are formed. Speci?cally, in the PDP 50, the 
display cells PCl,l to PCLM belonging to in the ?rst display 
line, the display cells PCZ,l to PCZJ" belonging to in the 
second display line, . . . , and the display cells PC”,l to PCmm 
belonging to in the n-th display line are arranged in a matrix 
shape. 

FIG. 2 is a front vieW shoWing an internal structure of the 
PDP 50 as vieWed from a display surface. Further, in FIG. 2, 
only the respective intersections of the column electrodes D l 
to D3 and the ?rst display line (Y1, X1) and the second display 
line (Y2, X2) are shoWn. Also, FIG. 3 is a diagram shoWing a 
section of the PDP 50 taken along the line V3 -V3 and FIG. 4 
is a diagram shoWing a section of the PDP 50 taken along the 
line W2-W2. 
As shoWn in FIG. 2, each roW electrode X has a bus elec 

trode Xb provided to extend in the horizontal direction of the 
tWo-dimensional display screen and a T-shaped transparent 
electrode Xa provided in a position corresponding to each 
display pixel PC on the bus electrode Xb. Each roW electrode 
Y has a bus electrodeYb provided to extend in the horizontal 
direction of the tWo-dimensional display screen and a 
T-shaped transparent electrode Ya provided in a position cor 
responding to each display pixel PC on the bus electrode Yb. 
The transparent electrodes Xa and Ya are made of, for 
example, transparent conductive ?lms of ITO, and the bus 
electrodes Xb andYb are made of, for example, metal ?lms. 
The roW electrode X having the transparent electrode Xa and 
the bus electrode Xb and the roW electrode Y having the 
transparent electrode Ya and the bus electrodeYb are formed 
on a rear surface of a front transparent substrate 10 of Which 
a front surface serves as a display surface of the PDP 50, as 
shoWn in FIG. 3. At this time, one of the transparent elec 
trodes Xa and Ya in each roW electrode pair Qi, Y) extend 
toWard the other of the roW electrodes in pairs, and the top 
sides of the Wider portions of the transparent electrodes Xa 
and Ya face each other at a predetermined discharge gap g1. 
Also, a light absorbing layer (a light shielding layer) 11 of 
black or dark color is formed betWeen the adjacent roW elec 
trode pairs Gil, Y1) and (X2, Y2) on the rear surface of the 
front transparent substrate 10 to extend in the horizontal 
direction of the tWo-dimensional display screen. Further, a 
dielectric layer 12 is formed on the rear surface of the front 
transparent substrate 10 so as to cover the roW electrode pairs 
Qi, Y). On the rear surface of the dielectric layer 12 (a surface 
opposite to the surface With Which the roW electrode pairs 
come in contact), as shoWn in FIG. 3, a bulk dielectric layer 
12A is formed at a portion corresponding to a region Where 
the light absorbing layer 11 and the bus electrodes Xb andYb 
adjacent to the light absorbing layer 11 are formed. 
On the surfaces of the dielectric layer 12 and the bulk 

dielectric layer 12A, a magnesium oxide layer 13 containing 
a magnesium oxide single crystal is formed. The magnesium 
oxide single crystal is excited by the irradiation of an electron 
beam to perform a cathode luminescence having a peak in a 
Wavelength range of 200 to 300 nm. The magnesium oxide 
single crystal includes a vapor-phase magnesium oxide crys 
tal obtained by heating magnesium and by oxidizing magne 
sium in a vapor phase. A structure of the vapor-phase mag 
nesium oxide crystal has, for example, a polycrystalline 
structure in Which crystals are engaged With each other, as 
shoWn in an SEM photographic image of FIG. 5A or a cube 
single crystal structure, as shoWn in an SEM photographic 
image of FIG. 5B. An average particle diameter thereof is 
equal to or more than 500 angstroms and preferably, equal to 
or more than 2000 angstroms (based on the measurement 
result by a BET method). In such a manner, as shoWn in FIG. 
6, the magnesium oxide layer 13 is formed by attaching the 
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vapor-phase magnesium oxide single crystal 13B to the sur 
face of the dielectric layer 12 in a spray method or an elec 
tro static coating method. Further, the magnesium oxide layer 
13 may be formed by forming a thin-?lm magnesium oxide 
layer on the surface of the dielectric layer 12 through a depo 
sition method or a sputtering method and by attaching the 
vapor-phase magnesium oxide single crystal to the thin-?lm 
magnesium oxide layer. 
On a rear substrate 14 provided parallel to the front trans 

parent substrate 10, each column electrode D extends in a 
direction orthogonal to the roW electrode pair (X, Y) in a 
position Where the transparent electrodes Xa andYa face each 
other. On the rear substrate 14, a column-electrode protecting 
layer 15 of White color is formed so as to cover the column 
electrodes D. On the column-electrode protecting layer 15, 
partition Walls 16 are formed. The partition Walls 16 are 
formed in a lattice shape to have horizontal Walls 16A pro 
vided to extend in the traverse direction of the tWo-dimen 
sional display screen at positions corresponding to the bus 
electrodes Xb andYb of the respective roW electrode pairs Qi, 
Y) and vertical Walls 16B provided to extend in the longitu 
dinal direction of the tWo-dimensional display screen at inter 
mediate positions betWeen the adjacent column electrodes D. 
In each display line of the PDP 50, the partition Walls 16 
shoWn in PIG. 2 are formed in a lattice shape and a gap SL 
shoWn in PIG. 2 exists betWeen the adjacent partition Walls 
16. The respective display cells PC including a separate dis 
charge space S and the transparent electrodes Xa and Ya are 
partitioned by the partition Walls 16 formed in the lattice 
shape. In the discharge space S, a discharge gas containing a 
xenon gas is ?lled. In each display cell, a phosphor layer 17 is 
formed on the side surface of the horizontal Wall 16A, the side 
surface of the vertical Wall 16B, and the surface of the col 
umn-electrode protecting layer 15 so as to cover all of them, 
as shoWn in PIG. 3 . Actually, the phosphor layer 17 is made of 
three types of phosphors, that is, a phosphor Which emits a red 
light component, a phosphor Which emits a green light com 
ponent, and a phosphor Which emits a blue light component. 
As shoWn in PIG. 3, since the magnesium oxide layer 13 
comes in contact With the horizontal Wall 16A, the discharge 
space S of each display cell PC and the gap SL are closed. 
MeanWhile, as shoWn in PIG. 4, since the vertical Wall 16B 
does not come in contact With the magnesium oxide layer 13, 
a gap r1 exists betWeen the vertical Wall 16B and the magne 
sium oxide layer 13. Speci?cally, the discharge space S of the 
adjacent display cells PC in the traverse direction of the 
tWo-dimensional display screen are connected With each 
other through the gap r1. 

The drive control circuit 56 supplies various control signals 
to the X-electrode driver 51, theY-electrode driver 53, and the 
address driver 55, so as to drive them according to a light 
emission driving sequence using a sub-?eld method shoWn in 
PIG. 7. The X-electrode driver 51, the Y-electrode driver 53, 
and the address driver 55 generate various driving pulses 
described later for driving the PDP 50 according to the light 
emission driving sequence shoWn in PIG. 7 and supply them 
to PDP 50. 

In the light emission driving sequence shoWn in PIG. 7, 
each of N sub-?elds SP1 to SP(N) Within one ?eld (one 
frame) display period has an address period W, a sustain 
period I, and an erasure period E. Further, in the head sub 
?eld SP1, a reset period R is provided before the address 
period W. 

PIG. 8 is a diagram shoWing the timing at Which various 
pulses are applied to the column electrodes D and the roW 
electrodes X andY of the PDP 50 in the sub-?elds SP1 and 
SP2 from the sub-?elds SP1 to SP(N). 
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First, in the address period W of each sub-?eld, the address 

driver 55 generates a pixel data pulse to determine Which 
display cells PC are emitted in the sub-?eld based on an input 
video signal. For example, for each display cell, the address 
driver 55 generates a high-voltage pixel data pulse so as to 
cause the display cell PC to be emitted and generates a loW 
voltage pixel data pulse so as not to cause the display cell to 
be emitted. Then, the address driver 55 applies sequentially 
each pixel data pulse group DP 1, DP 1, . . . , DP”, including the 

pixel data pulses (m pixel data pulses) corresponding to one 
display line, to the roW electrodes D1 to Dm. In this case, the 
Y-electrode driver 53 applies a scanning pulse SP having 
negative polarity sequentially to the roW electrodesYl to Y” in 
synchronization With the timing of each of the pixel data pulse 
groups DP 1 to DP”. At this time, discharge (selective dis 
charge) is caused only in the display cells PC to Which the 
scanning pulse SP and a high-voltage pixel data pulse are 
applied, and a predetermined amount of the Wall charges is 
formed on each of the surfaces of the magnesium oxide layer 
13 and the phosphor layer 17 in the discharge space S of each 
discharge display cell PC. Further, since the selective dis 
charge is not caused in the display cells PC to Which the 
scanning pulse SP and a loW-voltage pixel data pulse are 
applied, as described above, the formation state of the Wall 
charge immediately before is maintained. 

That is, in the address period W, each display cell PC is set 
to any one of a turned-on cell state in Which the predetermined 
amount of the Wall charges remain and a tumed-off cell state 
in Which the Wall charges is less than the predetermined 
amount. 

Next, in the sustain period I of each sub-?eld, the X-elec 
trode driver 51 and the Y-electrode driver 53 repeatedly apply 
sustain pulses IP,g and IPY of positive polarities to the roW 
electrodes X 1 to X” and the roW electrodes Yl to Y”, respec 
tively. At this time, the X-electrode driver 51 and the Y-elec 
trode driver 53 apply the sustain pulses IP,C and IPYone after 
the other. Purther, hoW many times the sustain pulses IP,C and 
IPY are applied depends on the Weighted value of luminance 
in each sub-?eld. At this time, Whenever each of the sustain 
pulses IP,g and IPYis applied, sustain discharge is caused only 
in the display cells PC Which is in the turned-on cell state in 
Which the predetermined amount of the Wall charges has been 
formed. Further, the phosphor layer 17 emits light due to such 
sustain discharge, such that an image is formed on the display 
surface of the panel. 
The reset period R provided only to the head sub-?eld SP1 

has a full-scale Write period RWand a full-scale erasure period 

RE. 
First, in the full-scale Write period RW, as shoWn in PIG. 8, 

the X-electrode driver 51 applies a reset pulse RP Xof negative 
polarity to the roW electrodes Xl to X” all at once. Purther, 
simultaneously With the application of the reset pulse RPX, 
the Y-electrode driver 53 applies a ?rst reset pulse RPn of 
positive polarity having a Waveform, the voltage value of 
Which gradually rises to reach a peak voltage value as the time 
passes, to the roW electrodesYl to Y”, as shoWn in PIG. 8. The 
peak voltage value of the ?rst reset pulse RPYl is higher than 
the peak voltage value of the sustain pulse IP,C or IPY. When 
the ?rst reset pulse RP Y1 and the negative reset pulse RPY are 
simultaneously applied, ?rst reset discharge is caused 
betWeen the roW electrodes X andY of each of all display cells 
PCl,l to PCmm. After the end of the ?rst reset discharge, a 
predetermined amount of the Wall charges is formed on the 
surface of the magnesium oxide layer 13 in the discharge 
space S of each of all display cells PC. Speci?cally, the Wall 
charges of positive polarity are formed near the roW electrode 
X on the magnesium oxide layer 13 and the Wall charges of 
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negative polarity are formed near the roW electrode Y on the 
magnesium oxide layer 13. In such a manner, the Wall charges 
are formed. 

Next, in the full-scale erasure period RE, as shoWn in PIG. 
8, the Y-electrode driver 53 generates a second reset pulse 
RPY2 of negative polarity having a Waveform, the voltage 
value of Which gradually drops as the time passes, and applies 
the second reset pulse RP Y2 to all roW electrodes Yl to Y” all 
at once. Further, the peak voltage value of the second reset 
pulse RPY2 is set Within a voltage range betWeen a voltage 
value on the roW electrode Y at the time When the scanning 
pulse SP is not applied in the address period W and a peak 
voltage value of the scanning pulse SP. In response to the 
application of the second reset pulse RPYZ, second discharge 
is caused betWeen the roW electrodes X andY of each of all 
display cells PCI,l to PCmm. Through the second discharge, 
the Wall charges formed in each of all display cells PCl,l to 
PCmm are erased. 

That is, in the reset period R, all display cells PC 1, 1 to PCmm 
are initialiZed to the turned-off cell state in Which the Wall 
charges do not exist. 

Here, in the reset period R, When the ?rst reset pulse having 
a small change in voltage at the time of rising is applied to the 
roW electrodeY, ?rst Weak reset discharge is caused betWeen 
the T-shaped transparent electrodes Ya and Xa, thereby sup 
pressing the contrast from deteriorating. 

Further, since the discharge occurs in each display cell PC 
at the time of the ?rst reset discharge and at the time of the 
second reset discharge and the magnesium oxide layer 13 is 
formed in each display cell PC, a priming effect due to the 
reset discharge is maintained for a long time so that high 
speed addressing can be performed. 

That is, the magnesium oxide layer 13 includes a vapor 
phase magnesium oxide single crystal having a relatively 
large siZe, as shoWn in PIG. 5A or 5B. Since the CL (cathode 
luminescence) having a peak in a Wavelength range of 300 to 
400 nm and a CL having a peak in a Wavelength range of 200 
to 300 nm (in particular, about 235 nm in a range of 230 to 250 
nm) are emitted When an electron beam is irradiated onto such 
a single crystal, the single crystal may have an energy level 
corresponding to 235 nm. Further, as shoWn in PIG. 10, in the 
CL having the peak in the Wavelength of 235 nm, the larger 
the particle diameter of the vapor-phase magnesium oxide 
crystal is, the larger the peak intensity is. Speci?cally, at the 
time of generating the vapor-phase magnesium oxide single 
crystal, When magnesium is heated at a temperature higher 
than normal, a vapor-phase magnesium oxide single crystal 
having the particle diameter of 2000 angstroms and a vapor 
phase magnesium oxide single crystal having an average 
particle diameter of 500 angstroms are formed as shoWn in 
PIGS. 5A and 5B. At this time, since the temperature at the 
time of heating magnesium is higher than normal, the length 
of a ?ame due to the reaction of magnesium and oxygen 
becomes long. Thus, a temperature difference betWeen such a 
?ame and a circumference becomes large, and it is estimated 
that lots of single crystals of a high energy level correspond 
ing to the range of 200 to 300 nm (in particular, 235 nm) are 
contained in a group including a vapor-phase magnesium 
oxide single crystal having a large particle diameter. The 
vapor-phase magnesium oxide single crystal has high purity, 
?ne particles, and little particle aggregation, as compared to a 
magnesium oxide obtained through other methods. 

Accordingly, it is estimated that electrons are ?lled up to 
the vapor-phase magnesium oxide single crystal due to the 
energy level corresponding to 235 nm, as described above, 
and are released by the application of an electric ?eld at the 
time of the selective discharge, thereby quickly obtaining 
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8 
initial electrons required for the discharge. Therefore, When 
the magnesium oxide layer 13 shoWn in PIG. 3 contains the 
vapor-phase magnesium oxide single crystal Which performs 
the CL having a peak in the Wavelength range of 200 to 300 
nm at the time of the irradiation of electrons, a suf?cient 
amount of electrons required for causing discharge exists in 
the discharge space S continuously, and thus the discharge 
probability in the discharge space S becomes drastically high. 

PIG. 11 is a diagram shoWing a discharge probability When 
the magnesium oxide layer is not provided in the display cell 
PC, a discharge probability When the magnesium oxide layer 
is formed by a conventional deposition method, or a discharge 
probability When the magnesium oxide layer containing the 
vapor-phase magnesium oxide single crystal Which performs 
the CL having the peak in the Wavelength range of 200 to 300 
nm at the time of the irradiation of an electron beam is pro 
vided. 

In PIG. 11, the horizontal axis shoWs the doWntime at 
Which discharge is not caused. The doWntime means an inter 
val from the time When discharge occurs to the time When the 
next discharge occurs. When the magnesium oxide layer 13 
containing the vapor-phase magnesium oxide single crystal 
Which performs the CL having the peak in the Wavelength 
range of 200 to 300 nm through the irradiation of an electron 
beam is provided, a discharge probability is increased, as 
compared to the case in Which the magnesium oxide layer is 
formed by a conventional deposition method. Further, as 
shoWn in PIG. 12, a vapor-phase magnesium oxide single 
crystal Which performs the CL having a high intensity, in 
particular, the CL having the peak and the high intensity at the 
Wavelength of 235 nm at the time of the irradiation of the 
electron beam may be used as the above-described vapor 
phase magnesium oxide single crystal, and thus it is possible 
to shorten a discharge delay in the discharge space S. 
As such, since the discharge probability in the discharge 

space S is drastically high, even if the occurrence frequency 
of the ?rst reset discharge for each ?eld (frame) display 
period is once in the reset period R of the sub-?eld SP1, the 
selective discharge can be surely caused in the address period 
W of each sub-?eld. 

Moreover, in the example shoWn in PIG. 7, the ?rst reset 
discharge is caused in only the sub-?eld SP1 of the N sub 
?elds SP1 to SP(N). Alternatively, the ?rst reset discharge 
may be caused immediately before the address period W even 
in other sub-?elds. 

In summary, in M (M<N) sub-?elds of all sub-?elds SP1 to 
SP(N) in one ?eld (frame) display period, the ?rst reset dis 
charge is preferably caused so as to initialiZe the formation 
state of the Wall charges of each display cell PC. 

Therefore, according to the invention, since it is possible to 
surely cause the selective discharge in the address periodW of 
each sub-?eld even if the occurrence frequency of the reset 
discharge in one ?eld (frame) is loW, it is possible to display 
a good image With enhanced dark contrast Without deterio 
rating the image quality. 

Moreover, in the above-described embodiment, the mag 
nesium oxide layer 13 containing the single crystal substance 
of the magnesium oxide shoWn in PIG. 5A or 5B is formed on 
the dielectric layer 12. Alternatively, a thin-?lm magnesium 
oxide layer 130 may be provided betWeen the dielectric layer 
12 and the magnesium oxide layer 13 by a deposition method 
or a sputtering method as shoWn in PIG. 13 and PIG. 14. 

Further, Whenever driving is performed once or more based 
on the light emission driving sequence shoWn in PIG. 7, 
driving based on a light emission driving sequence in Which 
the reset period R is not included in any one of the sub-?elds 
SP1 to SP(N) shoWn in PIG. 15 may be performed once or 
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more. In such a manner, since the occurrence frequency of the 
?rst reset discharge performed per unit time is reduced, it is 
possible to further increase dark contrast. This application is 
based on a Japanese patent application No. 2004-337646 
Which is hereby incorporated by reference. 
What is claimed is: 
1. A plasma display device in Which a plasma display panel 

provided With display cells having a discharge space formed 
at intersections of a plurality of roW electrode pairs and a 
plurality of column electrodes arranged to cross said roW 
electrode pairs is driven for respective N sub-?elds to display 
images for one frame, said plasma display device comprising: 

a dielectric layer covering the plurality of roW electrode 
pairs, 

a magnesium oxide layer comprising magnesium oxide 
crystals disposed on the dielectric layer and facing the 
discharge space, the magnesium oxide crystals includ 
ing magnesium oxide single crystals that cause a cath 
ode luminescence having a peak in a Wavelength range 
of 200 to 300 nm When an electron beam is irradiated on 
to the magnesium oxide single crystals and that have a 
particle diameter of 2000 angstroms or more; 

an address portion that applies a scanning pulse sequen 
tially to one electrode of each of said roW electrode pairs 
and applies a data pulse corresponding to an input video 
signal to cause selective discharge in said discharge 
space of each of the display cells and to set each of said 
display cells to a turned-on cell state or a tumed-off cell 
state in each of said sub-?elds; 

a sustain portion that applies a sustain pulse to said roW 
electrode pairs in each of said sub-?elds to cause sustain 
discharge in said discharge space of each of said display 
cells set to said turned-on cell state; and 

a reset portion that applies a reset pulse to said roW elec 
trode pairs in M sub-?elds of said N sub-?elds (0<M<N) 
to cause reset discharge in said discharge space of each 
of said display cells and to initialiZe all said display cells. 

2. The plasma display device according to claim 1, 
Wherein each roW electrode of said roW electrode pairs 

have a main body portion provided to extend in a roW 
direction and a projecting portion provided to project 
from said main body portion in a column direction, such 
that the projecting portions of the respective roW elec 
trodes face each other via a discharge gap. 

3. The plasma display device according to claim 2, 
Wherein said projecting portion of each roW electrode has a 

Wide portion in a vicinity of said discharge gap and a 
narroW portion that connects said Wide portion to said 
main body portion. 

4. The plasma display device according to claim 1, 
Wherein said magnesium oxide layer contains a magne 

sium oxide single crystal obtained by heating magne 
sium and by oxidiZing magnesium in a vapor phase. 

5. The plasma display device according to claim 1, 
Wherein said magnesium oxide crystal performs a cathode 

luminescence having a peak in a Wavelength range of 
230 to 250 nm. 

6. The plasma display device according to claim 1, 
Wherein said magnesium oxide layer is formed on a dielec 

tric layer Which covers said roW electrode pairs. 
7. The plasma display device according to claim 1, 
Wherein said reset pulse has a section in Which a voltage 

value thereof changes gradually as the time passes. 
8. The plasma display device according to claim 1, 
Wherein a predetermined amount of Wall charges is formed 

in said discharge space of each of said display cells 
according to said reset discharge. 
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9. The plasma display device according to claim 1, 
Wherein said reset discharge has ?rst reset discharge in 

Which the predetermined amount of the Wall charges is 
formed in each of said display cells and second reset 
discharge in Which the Wall charges formed in each of 
said display cells are erased. 

10. The plasma display device according to claim 1, 
Wherein said reset pulse has a ?rst reset pulse, the voltage 

value of Which gradually increases as the time passes, 
and a second reset pulse, the voltage value of Which 
gradually decrease as the time passes. 

11. The plasma display device according to claim 1, 
Wherein said reset portion causes said reset discharge once 

for each frame or for a plurality of continuous frames in 
a plurality of continuous sub-?elds. 

12. A method for driving a plasma display panel Which is 
provided With display cells having a magnesium oxide layer 
and a discharge space facing the magnesium oxide layer, 
formed at intersections betWeen a plurality of roW electrode 
pairs and a plurality of column electrodes arranged to cross 
the plurality of roW electrode pairs, for respective N sub -?elds 
to display images for one frame, said method for driving a 
plasma display panel comprising: 

an address step for causing selective discharge in said 
discharge space of each of said display cells based on an 
input video signal in the respective sub-?elds to set each 
of said display cells to a turned-on cell state or a turned 
off cell state; 

a sustain step for causing sustain discharge in said dis 
charge space of each of said display cells set to the 
turned-on cell state in the respective sub-?elds; and 

a reset step for causing reset discharge in said discharge 
space of each of said display cells in M sub-?elds of the 
N sub-?elds (0<M<N) to initialiZe all the display cells; 

Wherein said magnesium oxide layer comprises magne 
sium oxide crystals disposed on a dielectric layer and 
facing the discharge space, and the magnesium oxide 
crystals include magnesium oxide single crystals that 
cause a cathode luminescence having a peak in a Wave 
length range of 200 to 300 nm When an electron beam is 
irradiated on to the magnesium oxide single crystals and 
that have a particle diameter of 2000 angstroms or more. 

13. The method for driving a plasma display panel accord 
ing to claim 12, 

Wherein each roW electrode of said roW electrode pairs has 
a main body portion provided to extend in a roW direc 
tion and a projecting portion provided to project from 
said main body portion in a column direction, such that 
the projecting portions of the respective roW electrodes 
face each other via a discharge gap. 

14. The method for driving a plasma display panel accord 
ing to claim 13, 

Wherein said projecting portion of each of said roW elec 
trode has a Wide portion in a vicinity of said discharge 
gap and a narroW portion that connects said Wide portion 
to said main body portion. 

15. The method for driving a plasma display panel accord 
ing to claim 12, 

Wherein said magnesium oxide layer contains a magne 
sium oxide single crystal obtained by heating magne 
sium and by oxidiZing magnesium in a vapor phase. 

16. The method for driving a plasma display panel accord 
ing to claim 12, 

Wherein said magnesium oxide crystal performs a cathode 
luminescence having a peak in a Wavelength range of 
230 to 250 nm. 
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17. The method for driving a plasma display panel accord- wherein said reset discharge has ?rst reset discharge in 
ing to claim 12, Which the predetermined amount of the Wall charge is 

Wherein said magnesium oxide layer is formed ona dielec- formed in each Of the display Cells and Second reset 
tric layer that covers said roW electrode pairs. discharge in Which Said Wan Charges formed in each of 

5 said display cells are erased. 
20. The method for driving a plasma display panel accord 

ing to claim 12, 
Wherein, in said reset step, said reset discharge is caused 

once for each one frame or for a plurality of continuous 
10 frames in a plurality of continuous sub-?elds. 

18. The method for driving a plasma display panel accord 
ing to claim 12, 

Wherein a predetermined amount of Wall charges is formed 
in said discharge space of each of said display cells 
according to said reset discharge. 

19. The method for driving a plasma display panel accord 
ing to claim 12, * * * * * 


